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(57) Abstract 

A method for cooling a heat-generating body (2), particularly for cooling electrical devices, such as power supplies, and the like. 
The method comprises generating an ion wind by corona discharge, and directing the ion wind toward the beat-generating body (2), to 
dissipate substantial quantities of boat therefrom by convection. An apparatus (5, 6). comprising an eJectroda assembly (5c, 6c), for use in 
the method is also described. 
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C OOLING METHOD AND APPARftTl^ T.q 

The present invention relates to a method, and 
also to apparatus for cooling a heat-generating body. The 
invention is especially useful for cooling electrical 
devices, such as power transistors, hybrid electronic 
devices, electrical power supplies, and the like, and is 
therefore described below with respect to such application, 
but it will be appreciated that the invention could 
advantageously be used in other applications as well. 

When a strong electrical field is applied in a gap 
between a sharply curved electrode surface serving as an 
anode, and another electrode surface of less curvature, 
(e.g., planar) serving as a cathode, the gas near the anode 
breaks down at a voltage less than the spark-breakdown 
voltage for that gap length. This local breakdown is in the 
form of a glow discharge, which at atmospheric pressure is 
usually called corona. Positive ions are formed at the 
anode and are accelerated towards the cathode. Collisions 
between these ions and neutral gas molecules transfer 
momentum to the bulk gas, resulting in a directional body 
force, called an ion wind. Under normal conditions, this 
kind of electro- fluid-dynamics (EPD) device can produce wind 
velocities up to B-12 meters per second. These air 
displacements can be highly localized according to the 
specific electrode configuration. 
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Our Israel Patent Applications 92951, 94367 and 
95543 (corresponding to US Patent No. 5 ,090, 482) disclose the 
use of such an ion wind for extinguishing a fire. 

The present application is directed to the use of 
such an ion wind for cooling a heat-generating body. 

According to one aspect of the present invention, 
there is provided a method of cooling a heat-generating body 
comprising: generating an ion wind by corona discharge; and 
directing the ion wind towards the heat-generating body to 
dissipate substantial quantities of heat therefrom by 
convection . 

According to one described embodiment, the corona 
discharge is produced between a pointed anode and a 
cathode . 

According to a second preferred embodiment of the 
invention described below, the corona discharge is produced 
between a wire anode and a cathode of an electrode assembly. 
In this described embodiment, the cathode includes a planar 
section formed with a longitudinally-extending rectangular 
slot having two wing sections extending along the opposite 
longitudinal edges of the slot, the wing sections being 
angled towards, but terminating short of, each other; the 
wire anode being located midway between the wing sections 
such that the wing sections direct the ion wind towards the 
heat-generating body. 

A further embodiment is described, wherein there 
are a plurality of the electrode assemblies extending along 
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one orthogonal axis and spaced from each other along a 
second orthogonal axis to generate an ion wind along the 
third orthogonal axis. 

The invention also provides apparatus for cooling 
a heat-generating body according to above method. 

As will be described below, the invention could be 
used for cooling various types of heat-generating bodies, 
including power ^rans is tors or hybrid electronic devices 
mounted on a printed circuit board, an electronic power 
supplies, etc. 

Further features and advantages of the invention 
will be apparent from the description below. 

The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 

Fig. 1 illustrates one form of apparatus 
constructed in accordance with the present invention; 

Fig. 2 is a side elevational view of the apparatus 

of Fig. 1; 

Fig. 3 illustrates a second form of apparatus 
constructed in accordance with the present invention; 

Fig. 4 is a side elevational view of a part of the 
apparatus of Fig. 3; 

Fig. 5 illustrates a further form of apparatus 
constructed in accordance with the present invention; 

Fig. 6 is a fragmentary view of a portion of the 
apparatus of Fig. 5 to better show internal structure; 
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and Pig. 7 illustrates a further form of apparatus 
constructed in accordance with the present invention. 

Figs. 1 and 2 illustrate the invention as applied 
for cooling a power transistor 2 mounted on a printed 
circuit board 3 by a plurality of spacers 4. in this 
apparatus, the power transistor 2 is cooled by an ion wind 
generated by corona discharge produced between an anode 
electrode 5 andya cathode electrode 6 mounted adjacent to 
the power transistor 2. The anode electrode 5 includes a 
first leg 5a fixed to the printed circuit board to extend 
perpendicularly thereto, and a second leg 5b bent 
perpendicularly to leg 5a in the direction of the cathode 6 
and terminating in a pointed tip 5c. 

The cathode 6 includes a mounting leg 6a extending 
parallel to the printed circuit board 3 and mounted directly 
thereto. Cathode 6 further includes a planar section 6b 
extending perpendicularly to the printed circuit board and 
formed with an enlarged opening 6c coaxial with leg 5b and 
pointed tip 5c of the anode 5. 

Thus, a voltage applied between the anode 5 and 
the cathode 6, which is sufficient to produce a corona 
discharge from the anode towards the cathode, forms positive 
ions at the anode 5. These ions are accelerated towards the 
cathode 6 and produce an ion wind, as shown by arrow 7 in 
Fig. 2, in the direction of the power transistor 2. This 
ion wind 'causes heat dissipation by convection from the 
power transistor 2, thereby cooling it. 
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The apparatus of Figs. 1 and 2 may thus be used 
for cooling individual power transistors mounted on a 
printed circuit board. For example, one electrode assembly 
including the anode 5 and cathode 6 may be provided for and 
adjacent to each power transistor to be cooled. 

Figs. 3 and 4 illustrate the invention also 
applied for cooling a power transistor, but is particularly 
applicable for larger size power transistors which generate 
considerable quantities of heat. Thus, the power transistor 
10 illustrated in Fig. 3 is mounted on a heat sink 11 
carries by the printed circuit board 12. In this case, the 
electrode assembly producing the ion wind includes a cathode 
13 of channel configuration and an anode 14 in the form of a 
wire both carried by a bracket 15 mounted to the printed 
circuit board 12 in alignment with the power transistor 10 
and the heat sink 11 to be cooled. 

As shown particularly in Fig. 4, the cathode 13 
includes a main planar section 13a formed with a 
longitudinally-extending rectangular slot 13b, two wing 
sections 13c, 13d along the opposite longitudinal edges of 
the slot, and a mounting section 13e fixed to the printed 
circuit board 12. The wing sections 13c, 13d are angled 
towards, but terminate short of, each other to produce an 
airgap 14 between the confronting edges of the two wing 
sections. 

*he anode 15 is in the form of a wire secured 
between two terminals 15a, 15b and extending along the slot 
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13b of the main cathode section 13a between its wing 
sections 13c, 13d. 

The printed circuit board 12 further includes 
connectors, shown schematically at 17, for making the 
electrical connections to the power transistor 10, as well 
as to the electrodes 13 and 15. 

When the appropriate voltage is applied between 
the cathode 13 ajnd the anode 15, positive ions are produced 
at the anode 15. These positive ions are accelerated and 
are directed by the cathode wing sections 13c, 13d to 
produce an ion wind throu9h the gap 14 for cooling the power 
transistor 10 and its heat sink 11. 

Figs. 5 and 6 illustrate the invention as applied 
for cooling a power hybrid regulator 21 mounted on a chassis 
or printed circuit board 22 by means of a plurality of 
spacers 23. in this case, the ion wind for cooling the 
regulator 21 is produced by an electrode assembly including 
a cathode 24 and a pair of anodes 25, 26, mounted between 
the chassis or printed circuit board 22 and the power hybrid 
regulator 21 to be cooled. 

Thus, the cathode 24 is of planar configuration 
and is mounted to the chassis or printed circuit board 22 by 
a spacer 27. The cathode 24 is formed with a pair of 
circular openings 24a, 24b, each receiving the pointed tip 
of the anode electrodes 25, 26 and coaxial therewith, as 
described" "above with respect to Figs. 1 and 2. In the 
construction illustrated in Figs. 5 and 6, an ion wind is 
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produced by each. of the anodes 25, 26 and the common cathode 
24, and these ions winds are directed towards the power 
hybrid regulator 21 to dissipate the heat therefrom by 
convection, as described above with respect to Figs. 1 and 
2. 

Fig. 7 illustrates a further application of the 
invention for cooling an electrical device, such as a power 
supply, housed within a housing 30. Thus, one end of the 
housing 30 is formed with an opening 31 occupied by an 
electrode assembly including a cathode 32 and a plurality of 
anodes 33, 34, 35, etc. The cathode 32 is common to all of 
the anodes. Thus, the common cathode 32 includes a main 
planar section 32a formed with a plurality of 
longitudinally-extending rectangular slots 32b, one for each 
of the anodes 33-35. The common cathode 32 is further 
formed with a pair of wing sections 32c, 32d extending along 
the opposite longitudinal edges of each slot 32b. The wing 
sections are angled towards each other but terminate short 
of each other, similar to the arrangement illustrated in 
Pigs. 3 and 4, such that they accelerate the positive ions 
produced by the respective anodes 33-35 and direct them into 
the interior of housing 30 so as to dissipate the heat 
generated by the electrical device within the housing 
through the outlet opening 37 formed at the opposite end of 
the housing. 

It will thus be seen that in the construction 
illustrated in Fig. 7, the anodes 33-35 form, with their 
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respective cathode wing sections 32c, 32d, a plurality of 
electrode assemblies extending along one orthogonal axis 
(shown at A^) and spaced from each other along a second 
orthogonal axis (A^) to generate an ion wind along the third 

othogonal axis (A ) . 

x 

The illustrated apparatus, and particularly that 
illustrated in Fig. 7, is especially useful for cooling 
electrical power; supplies or components thereof. It will be 
appreciated, however, that the invention could 
advantageously be used with respect to other type of heat- 
generating bodies, for example bodies wherein the heat is 
generated by friction, fuel combustion, etc. 

Many other variations, modifications and 
applications of the invention will be apparent. 
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WHAT IS fTr. ^IMED i§ . 

1 . A method of cooling a heat-generating body, 
comprising: 

generating an ion wind by corona discharge; 

and directing said ion wind towards said heat- 
generating body to dissipate substantial quantities of heat 
therefrom by convection. 

2. Th'e ; method according to Claim 1, wherein said 
corona discharge is produced between a pointed anode and a 
cathode. 

3. The method according to Claim 2, wherein said 
cathode is a planar cathode formed with an opening coaxial 
with that of said pointed anode. 

4 . The method according to Claim 1 , wherein said 
corona discharge is produced between a wire anode and a 
cathode of an electrode assembly. 

5. The method according to Claim 4, wherein said 
cathode includes a planar section formed with a 
longitudinally-extending rectangular slot having two wing 
sections extending along the opposite longitudinal edges of 
the slot, said wing sections being angled towards, but 
terminating short of, each other; said wire anode being 
located midway between said wing sections such that said 
wing sections direct the ion wind towards said 
heat-generating body. 

6. The method according to Claim 5, wherein there 
are a plurality of said electrode assemblies extending along 
one orthogonal axis and spaced from each other along a 
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second orthogonal axis to generate an ion wind along the 
third orthogonal axis. 

7. The method according to any one of Claims 1-6, 
wherein the method is applied for cooling a power transistor 
mounted on a printed circuit board. 

8. The method according to any one of Claims 1-6, 
wherein the method is applied for cooling a hybrid 
electronic device. 

9. The method according to any one of Claims 1-6, 
wherein the method is applied for cooling an electrical 
power supply. 

10. The method according to any one of Claims 1-6, 
wherein said heat-generating body is located within a 
housing, and said ion-wind generating means is mounted at 
one end of said housing and is effective to produce an ion 
wind passing through said housing and through the opposite 
end thereof. 

11. Apparatus for cooling a heat-generating body, 
comprising an electrode assembly for generating an ion wind 
by corona discharge and for directing said ion wind towards 
said heat-generating body to dissipate heat therefrom by 
convection. 

12. The apparatus according to Claim 11, wherein 
said electrode assembly comprises a cathode and a pointed 
anode located adjacent to said cathode. 

13. The apparatus according to Claim 12, wherein 
said cathode is a planar cathode formed with an opening 
coaxial with said pointed anode. 
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14. The apparatus according to Claim 11 , wherein 
said electrode assembly comprises a cathode and a wire anode 
located adjacent to said cathode. 

15. The apparatus according to Claim 14, wherein 
said cathode includes a planar section formed with a 
longitudinally-extending rectangular slot having two wing 
sections extending along the opposite longitudinal edges of 
the slot, said wing sections being angled towards, but 
terminating short of, each other; said wire anode being 
located midway between said wing sections such that said 
wing sections direct the ion wind towards said 
heat-generating body. 

16. The apparatus according to Claim 15, wherein 
there are a plurality of said electrode assemblies extending 
along one orthogonal axis and spaced from each other along a 
second orthogonal axis to generate an ion wind along the 
third orthogonal axis. 

17. The apparatus according to any one of Claims 
11-16, wherein said heat-generating body is a power 
transistor mounted in a printed circuit board. 

18. The apparatus according to any one of Claims 
11-16, wherein said heat-generating body is a power hybrid 
regulator. 

19. The apparatus according to any one of Claims 
11-16, wherein said heat-generating body is a power supply 
for electrical apparatus. 

20. The apparatus according to any one of Claims 
11-16, wherein said heat-generating body is located within a 
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housing, and said ion-wind generating means is mounted at 
one end of said housing and is effective to produce an ion 
wind passing through said housing and through the opposite 
end thereof. 
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